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(57) Abstract: 

PROBLEM TO BE SOLVED: To fabricate a highly reliable 
high luminance short wave semiconductor light emitting 
element inexpensively at high yield by improving the 
crystallinity and surface smoothness of a gallium 
nitride based compound semiconductor. 

SOLUTION: In a semiconductor light emitting element 
comprising at least one ln x Ga y AJ 1 _ x _ y N layer 3 (0sx§1, 
0sx+ys1) formed on a sapphire or Si substrate 1, a ZnO 
butter layer 2 which can be lattice matching the 
IrvGayAVx.yN layer 3 is grown on the surface of 
substrate 1. 



tr7 3"fT(ccai)i* 



COPYRIGHT: (C)1997,JPO 



muxmimit (jp) 



(12) & 



(a) aimnmm&mm^ 

WM¥9 -45960 

(43)&B&B ¥J£9^(1997)2/!HB 



(51) IntCL* 
H 0 1 L 33/00 
C3 0B 25/18 
29/40 
HO 1L 21/205 



mam* /?rtsi## 



5 0 2 



7202-4G 



F I 

HO 1L 33/00 
C3 0B 25/18 
29/40 
H0 1L 21/205 



B 

5 0 2H 



**ESf# ft&St<Z)ft6 OL 0£ 5 M) 



(21) 0M**' 


#BR*7- 192075 


(71)fiiBU 


000004237 










B^m^^c^te 




(22)mHB 


«*7^(1995)7£27B 






H* 


















Jfc&IES^STB 7 1 


11* B**£U* 
















<74)ftSA 







(54) R9!4>«JN 4«*<*«a»Mtt^©«WFi* 



(57) @8ftJ 

^*lfcInxGa,Ali-x-,N ({BLOSx^l, 
Oix + y^l) 13^<^l^m^ 
^ft*«fer3t, glSl<Z)£®fCl nxGayAli-x-yN 

So 




7 * a „ 

.6 p-lnGaAIN *2 * p * 

iHnGa/UN?77 KJS 



1 

ayAli-x-yN ({gLO<x^l, O^x + y^l) M 

BS*^2] mffBZnOA*>v^^M^Ur> 100 
O.OT(^S«bfcI n,GayAli-x-yN OB 
UO^x^l, O^x + y^l) ;*y:77jf 

ssisrjs i \atMi(r^m^mm^ a 10 

E&:fcE33. ^T^TS^-WCZnOr^ri!* 
ML, 

nxGayAli-x-yN (fiLO^x^l, 0^ 
x + y<l) Ife^ft< lSttfx^^*^-v;H 

CH*3S43 2/U3>^fch«C^fi£^nfcI nxGay 
Ali-x-yN ({EL0^x<l, 0^x+y<l) M*. 
'2>&< 1 f^t«ft»ft^oT, 

m^ms] KmziLOrtv77mzmi,x* 100 

0TCOT(7)<£S^^|LfcI nxGavAli-x-yN ({& 
U0<xgl, 0^x + y<l) 7^:7 Til Sr^frdh 

^InxGayAh-x-yN (flUOSxSl, 0^ 
x + y^l) »=fe^ft<fct>l»-^tfxlfar^2/^;u« 

[fS^<7)f»&iOT 
[000 1] 

[0 0 0 2] 

iv&tfft&cr* -^^inxG^yAii-x-yN tla 

UO^x^l, O^x + y^, nGaAIN 40 

t^o) x$&tizi i ii&itwtmfotf&Bztix 

tv&#, I I ntf, GaN, Al 

N, I n G a A 1 Nm»A*Jb^l^iA«t^ 
&Mfcak SK^r-fT (a-Al20a) 

[0 0 0 3] 

rill nGaAlNcDPH^l 1 — 2 3 



f#§8¥09-045960 

2 

G a A 1 N«H^5: =^7t^^: ^glL, ^®^/?|(7)3}z 
«_BcfF$SUfc InGaAl N3g^^&+£-&3&fe% 

fc&ewb ^ h ^ e> ras* 1 * o 

[0 0 0 4] 3nfrC^LT^7T^T^_htCAlNcD 
;^77f^^-&S^£ C8IW2-2 2 94 7 
6) ^GaxAh-xN ({SbO<x^l) ^^tl^A 
^7 7®*fiST**aS*-it5^ (^¥4-2 9 70 
2 3) a<*«3*VCM*. 

[0 0 0 5] L^L&#»i, ZLtltb^^^^rMii^ 

frZK-t&ZZtftt*?, SfcfcSJ|gfitfeZ>&#i: I n 
G a A 1 Nffi?(7)M$^(^^(Z)fSlj:(iS 

[0 0 0 6] — 2fl nGaAlN0)ig&ifc£jl^£fcic 

O, MnO, MgAl204, MgO, CaO^CO^ft^J 
I^M^l^M (W4-2 09 5 7 7, ft 
1^4-236478) *\ Z n 0^ga^K±C*=E 
xtr^^r^^I/^L^ZnOA^^T^^A-r^ 
S (W5-2 8 3744) fcgSfcSnTVvB. 

[0 0 0 7] LfrLr&tfib* ZnO, MnO, MgAl 
2O4, MgO, Ca.O&lt^<D;VWW&&<n&&fr 
SfHT-feU. I nGaAlN^^^-^^MtC^fi^ 

[0008] *m$<Dmi±uE(7)&o%mm&zw£ 

Vz2> (S i) gfchlOfcftSii:* I nGaAlN^ 
[000 9] 

#\ *Mf77^7»l.l^>;3> (Si) 
3^±lC^J*^tlfeI nxGayAli-x-yN ({EUOsS 
0^x + y^l)fW 4 <HlI^^ 

iit-(Z)ZnOA^77lttf77'f7^ 



(3) 

3 

tc 1 x l 08/cm 2 OT<7>4«{c£Ef & \Zv h 

CO 0 1 03 n^Zn0^77ii:lttAn 
ZtlZ&V I nGaAl Ntofcf^^-y;i/^^<7)ig 

^ * foLh-r 5 ^ t - e * 5 a s ft * y faai «c l -c 

$3< Q I nGaAlNMI nGaA!N(Z)iS^S 
«fcLT£<MV"3*v5-fr:7W7 (a-AlaOa) fcfc 
h^JCA^S^^SSKSft^i-S^ InGaAIN 

y> r^f&^ffim&v\, 10 

CO Oil] tfeGaN, A IN, InNtilt, f 

i*GaN, A IN.. I nNfta^ftJt^-eS^f 

CO 0 1 2] H^^-e^U/fciDIS Litter 

470>&&&k2. 7 5AOT-f>Tf*S^ I nGa 20 
A 1 Nfc<Z)|*^=e£8: 11 — 23 %*C%>2kS. CKTXfc 
b K&V T 4 T&&% I n G a A 1 NjiV 

#**/*ji&am *te$tfrz> z t te^ote&m&sxf 

(1 1 1) II I n G a A 1 Ni^MIifii: L 

^-r-s^a-s si (hi) ±i:<D2V:7m=F<7)fe z ?m 

8 4AfcIaGaAlNfc(B^raE£i*9 
X, S ig«±iCgLT£$F*I nGaAlNxtf^ 30 

Co o 1 3] -is*3mzia^xjpyyTm±bxmx 

bfc Z n OoMekW&te InGaAl Ntmt ^JlVWL 
X\ L 3. 2 5A£E!1*1£MIL2 

«C^r«fc-5K:a^*tgaifc(Z)I nGaAlN^S^ 
7^#£T-&£, Z n 0±«oefif£<7)Aff * I n 

g a a i K3LV**zs^)mzrmrzztizttm?£ 

CO 0 1 4] £fcZnOf*3 0 0~- 7 0 QX}t^o : &Mt 
Mt^f"77^7»l.httS i £fi±K:S«>T 40 

t^mz&zt^bftmz^bx^z. 

[00 15] ^B^z^^XAvy TmtbxmxLtc 
ZnOH f^if:77-/72BE±JClnGaAlNfcJ5fc 

&*itzitortv77mk\jxm*z>tix^&A i 

GaAlNtitlSi-Silx *7 7'^T«««»S^tiS i 



^^¥09-045960 

4 

CO 0 1 6] C<0C£{;«*<7>g£±ta£gLfcZnO 

mm^<mm^m.y jjizth xmrnitztixs y , 

C00 17] 3<7)^e)^^(7>^&i:{Cf«bfeZnO 

InGaAlN<h(7)te^T^;0MN£^%CDO 
O. MgAh04, MgO, CaO^f^iM^ 

^-rt$, m^cmird^&^^o) i n g a a i 

COO 1 8] *8mz&\,iT\±> <bW*C$3^o, * 

7W73££&-5UiS ig£_WC, InxGayAl 
i-x-yN (0£x£l, 0^x + y^l) t&HBBtifi 
"im&ZnOAv77M*mA-?Z>Z.ttC£V, InG 
a A 1 NCD3i^^*^^^^)^^#«&ftiE 

CO 0 1 9] 

iwxcommayfcim &&c> *mitt^xi2mit*m 
x, *mi(Dmnzm&L&^%mx% u*oxmj*>& 

ftffv * b & Z £ tev * b £ ft**. 

co 02 03 H2tt*^a)iu©^ai 
-So ^m^f-^7 7^7 (oooi) gfcicDmm 

iCsmbfzSmS OOAnZnO (OOOI) aitT^^r 
i/^JiSmSkfm/^J7rM2, M/?2 0 0A<7)InG 
aAlNWi§^S;^77l3, ^5 ^m(7)S i K 
-ynS{©£l/LlnGaAlN^*>K^4, fl&?0. 
5^m(7)7>K-^InGaAlNgi4i5, Mi? 2 ^ 
mOMg K-^P®I nGaA 1 N^*; KI6, pM 
KJPtf)tf-$y#'SS7, ng^^y K^tfX*- 

CO 0 2 1] wCJC^L/fcl nGa A 1 NA^77S 
3. nS^yKf4, Sf4»5atfpffl^^yKS6 
tiZnOJCSHPS^U ^0lnGaAlN;^77f 
3 #15^ ^ y KJ1 4 , 6 CO/ ^> K3r Y ^ l/x.*;!/^^ 
M5^>K^Y^^j:y*>0. 3eV#Ji*i*<# 

CO 0 2 2] ^CO^^, ?gf4»5<Z)JB^f*^ , 2/7^* 



(4) 

5 

&y, *-yyrat«H t *swsfl9K:fitt»5icH!i5i&»'' 

^H£#Ox.£het£f &4 4 0 nmOM&ZRftU 
[0 0 2"3] ^C^^-ft;^l»i^?fe (OTMO 

^E^^SSMft^lCiy^-fe^* l 0 0 OTJtt 

±C&D&UT2^<B^#&Bte*-£. 10 
CO 0 2 4] *{my±72Um*:6 0 0Vmt£T*%i 

(000 1) £«l_BCZnO (0 00 1) i^H^ 
A^:7:^2£5 0 0A:rt^^:^;W&g2^&„ Z 

*?SKfcfc«J©8t8-e«: 6 0 OtJfcUTV v6# % 3 0 0 
~7 0 0^(B«Hl*i#S*U*. 3O0 , C*y<SMfijtfi 

[0 0 2 5] ^cZnO;^77l2^Iittl 0 OA 
JlhBOOOATOlil^, ZnO;^77fO)K 
£#1 0 0A«fey%/h*<ft<5i:-if7T-1'T36fii:In 

«£*H-#«c»ioft1\ *fe5 0pOAJ:y 5 b^ft<ft 
££ZnO/^y;7T^c0^m¥^^Itft£#v\ Ay 
7 7»±iC^fiW-B I n G a A 1 N#£l§0>*ffi¥tlH£& 

[0 0 2 6] ZnOAv77'm20)f&3@t* InGaA 30 

1 N&^(Dm^X*m^ftlZimir&f)K I n 
";aAlN^77^ KM&tfl nGaAlN?gteM£a:£ 

**$/*M&&ir&tzto&Bsmtti ioo oic*aa«)ifts 

T*ZnO;^7 7^#N<7^&?® £ % £ N Ha # 

dUTL£v\ ZnOAy:77'^ffi<7^J&gEWIirt: 
U ^7TM±tC^*£t"^I nGaAlN(Z)^iid { 

[0 0 2 7] CM, 5fer-*Hr^?aSS: 6 0 O^tu 

&5tM*4 0 Ortu^^T-^SU^tCZn 40 
OAWTm^m\Cl nGaAlN;^77l3§20 
OAMg^tSo £<ZXEg££&InGaAlN,rt<s/ 
7 7^<7)JP2l*5 0^2 0 0 0A:gg#M£L<> In 
GaAlN;^ yrmcom^ # 5 0 A<fc U < 
t^tty^7T»fcUT^ffl*qF-H^i:*y, x»C 

2 0 0 0 Ai^T?^ffi¥^BlM:K:«fc y *<Z>_BCifif 
^It^ I n G a A 1 Nx^^^i/^/H^^ 

[0028] *$>&ihfe:/*sg£& i o o ortr^SD 

IH5^m(Z)Si K-T'nllnGaAlN^^ 50 



^^¥09-045960 

6 

fKS4, BU¥0. 5^m£D7>K-7'InGaAlN 
^M5, KH2iumMgK-^pS!rnGaAlN^ 

(DEZ) , hVttMyVQJ* (TMI) , mj* 
*JIXW!7& (TMG) , hU^UTJl/S-tfA (T 

ma) mD^m&m*p, ^mj?m£Lxo)NH3%£*H 

[0 0 2 9] Sfe^t'JT^, /WJ^tfJfcfcLT 

[0030] j&<z&mmvm&Ba&&tt£i,xM. 

%)Zn0^7r««rSA-r«ii:iCj:ytt«te7)Av> 
InGaAlN^Slt^S. ZnOAv 
77f WfiHh I nGaA 1 N(7)^^^5^M 

[0 0 3 1] Wi2) H3tt*^60Hfi©Kll2 

tenmmms i urn w&^(^m\z^&\jitsk 

mi 0OOA<7)Al K-7*Zn0 (000 1) znhT*^ 
^ J r;«i^(^^77ll0, Ii?200A 
COSi K-^InGaAlN{EiS^S^\^^T^l 1, 
m$-2nm(DS i K-:/nM&g£/U nGaAlN^ 
V KM 4 , KIPO. 5 nmffyyy K— nGaA 1 N 
Sttl5, IH2yni(7)MgK-7"pSIiiGaAlN 

[0 0 3 2] ^5©^^(7)^tcaoT% I nGaAl 

KMSliZnOCKffl^U ^ol nGaAl 
N;^77I11M77^K14, SO^K^rY? 

7*x^i WOT 5(7);^ K^^^^J: ^ 0. 3e 

[0 0 3 3] ^^:^5^3?ltCfc N or{iZnOA^7r 
Ml 0MInGaAlN{£|^^77ll 1 tt* 

n^rnAi, s i *\t-tt&z£&&vfflmxti>* 
[0034] ^nciyf^^r-rra^feM^fc* 

!(7)$n<pMlnGaAlN77^K16, InGaA 
lN&i&f 5&tfng>I nGaAlN77«y KM 4 (7)- 



(5) 



^^¥09-045960 



8 



mil 3&imT&&&tf&&z£izib^ nwnayft 
4 0nm"oMr«o> zntmMTsm&z. 5% 

[0 0 3 5] 

m&*&Z>Z.ttfT~£, b7^InGaAlN<h&?-M 
^WdJZ n 0 $:;^77f iibTiAbfc^ fc? 

A)ltmgmZrmtZ>Z.£tfmM%ZnO, MnO, 
MgAl 2 04, MgO, C a.O$fCDM{t9omgM,m&Z 

7jTm&Lhl<zrmi-& InGaAl NiW*S/t^ 

jmmtH h TKLmfrffato&friZ I % G a A 1 N^fr 

5Kt^*3efflfficg«t-siii*<i?is # 20 

[00 3 6] nGaAlN^f^«^Z 
Ht£<7>&S?& InGaAl Nxtf^^iy ^M^K?:^ 



<7)&§?& InGaAl N^frf§^^££ U 5»Og 

[mi] iiim^itmt^m^t^m^y 
i -v-yrjr (oooi) g& 

ZnO (0 0 0 1) JI^&SIK/^tJS 
I nGaAlN£ig^^7 7i 
nSI nGaAlN^y KM 
I nGaAlN^i4M 
pSI nGaAlN^ 

nM^7yy K<7);t— $ y ^Igg 
n^{gf£^S i (lll)M 
Al K-^TOiZnO (0 0 0 1) 



2 
3 
4 
5 
6 
7 
8 
9 

1 0 



Avy 

11 Si K-yi nGaA!NfiS^;^77j 

12 nlSiM0t-^^lS 



[013 



[02] 




2.75 



3-0 3.26 



3^ 



7M 



?2 7 Wi 



ilnGaAIN/tr 



[E3] 















si<nt>** 








. ,1 



,4n^oGaAIN9^'y KM 
,11 lnGaMN/<7 7?I 
,10ZnO/W:7yJ» 



,12 M 



